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Background: Bone tunnel enlargement is a problem that has been observed after reconstruction
of anterior cruciate ligament (ACL) [H€oher 1998, Robert 2004, Wilson 2004]. Tunnel enlarge-
ment and coalition could cause problems during revision surgery and necessitate staged proce-
dures [J€arvel€a 2008, Siebold 2007]. Recently, preservation of the ACL remnant tissue has been
expected to have several potential advantages, such as preservation of proprioceptive cells [Ada-
chi 2002, Lee 2008] stability preservation [Kondo 2015, Muneta 2013] and graft revasculariza-
tion and ligamentization [Ahn 2010, Gohil 2007]. In addition, remnant preservation may inhibit
tibial tunnel enlargement in a single-bundle ACL reconstruction [Demirag 2012, Zhang 2014].
However, the effect of remnant tissue preservation on tunnel enlargement in anatomic double-
bundle (DB) ACL reconstruction has not yet been established. We hypothesized that the inci-
dence and the degree of tunnel enlargement of remnant-preserving procedures will be signifi-
cantly less than that of remnant-resecting procedures after anatomic double-bundle ACL
reconstruction. In addition, the incidence of tunnel coalition in remnant-preserving procedures
will be less than in remnant-resecting procedures. The purpose of this study was to test these
hypotheses.
Material and Method: A prospective study was conducted between 2009 and 2013 using
patients who had an isolated ACL injury in the unilateral knee. A total of 80 patients underwent
anatomic DB ACL reconstruction using hamstring tendon autografts. Based on the Crain classi-
fication of ACL remnant tissue [Crain 2005], 40 patients underwent the remnant-preserving pro-
cedure (group P) [Yasuda 2012] and the remaining 40 patients underwent the remnant-resecting
procedure (group R) [Yasuda 2004]. After surgery, patients underwent the same rehabilitation.
All patients were informed that they would undergo a 2-dimensional (2D) and 3 dimensional
(3D) CT at 2 weeks and 1 year after surgery. Then the images were processed by using a
work station (ZioTerm 2009, Ziosoft, Tokyo). The oblique axial (OA), sagittal (OS), and coronal
(OC) views were reconstructed based on the direction of the longitudinal axis of the femoral and
tibial tunnels from CT data using multi-planar reconstruction. The tunnel measurement was
taken at 10 mm from the intra-articular outlet of the femoral and tibial tunnels in OA, OC,
and OS views, respectively. The tunnel area measurement was taken digitally at the same level
of both the femoral and the tibial tunnels in OA views using ImageJ software (ver. 1.48, National
Institutes of Health). The percentage change in the diameter and area between the images at 2
weeks and 1 year was defined as the degree of tunnel enlargement. The incidence of tunnel
enlargement was determined by the number of femoral or tibial tunnels that tunnel area enlarged
more than 30%. The position of the femoral and tibial tunnel was evaluated by observing the AM
and PL tunnel outlets on the intra-articular bone surface of 3D CT images using the Quadrant
method [Bernard 1997]. Tunnel coalition was determined by observing the AM and PL tunnel
outlets on the intra-articular bone surface and 10 mm from the intra-articular outlet of the femur
or the tibia using OA, OC, and OS views, and measuring the width of the bony septum between
the 2 tunnels [Hantes 2010]. When the width was zero, we defined it as ‘tunnel coalition’. Intra-
observer variability for tunnel measurement was satisfactory (mean intraclass correlation coef-
ficient, 0.84; range, 0.81 to 0.92). A priori power analysis was performed. A sample size was
calculated to have 74e85% power to test the hypothesis.
Results: (1) There were no significant differences in the femoral and tibial tunnel positions
between the groups. (2) Concerning the femoral AM tunnel, the degree of tunnel enlargement
in OC and OA views in group P was significantly less than those of group R. Concerning the
femoral AM tunnel area, the degree of tunnel enlargement in group P was significantly less
than those of group R. The incidence of femoral AM tunnel enlargement was significantly
less in the group P than in the group R (3) Regarding the tibial tunnel enlargement, there
were no significant differences between the groups. (4) There were also no significant differences
in the tunnel coalition between the groups. (5) Regarding knee laxity, we divided the patients’
side-to-side laxity values into 2 categories,  2mm and > 2mm; the chi-square test showed
that anterior laxity in group P was significantly better than in group R. Postoperative the Lysholm
knee score, IKDC evaluation, and mean isokinetic peak torque of the quadriceps and hamstring
muscles, there were no significant differences between the 2 groups.
Discussion: The degree of femoral AM tunnel enlargement of group P were significantly less
than those of group R. The incidence of femoral AM tunnel enlargement was significantly
less in group P than in group R. Then regarding the patients’ side-to-side laxity values, anterior
laxity in group P was significantly better than in group R. Preservation of the ACL remnant tis-
sue in ACL reconstruction is expected to have several potential effects to improve the clinical
results. Some study reported that remnant tissue preservation resist bone tunnel enlargement,because of remnant tissue may restrict synovial fluid propagation within the tunnel [Berg
2001]. And previous studies showed preservation of the ACL remnant tissue improve knee
stability [Wu 2013, Kondo 2015]. We consider that preservation of the ACL remnant tissue
inhibit tunnel enlargement because of prevent biological factors such as proinflammatory cyto-
kines of synovial fluid and biomechanical factors such as micromotion at the tunnel by graft.
Conclusion: The degree of tunnel diameter and area enlargement of remnant-preserving proce-
dure are significantly less than those of the remnant-resecting procedure in the femoral AM tun-
nel. These results indicated that remnant-preserving anatomic double-bundle procedure may
have potential to inhibit incidence of the tunnel enlargement.
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Background: Lesions of long head of biceps tendon (LHBT) are often seen in patients with rota-
tor cuff tears, for which tenotomy and tenodesis of the LHBT are frequently performed.
Although the good clinical results of tenotomy and tenodesis in simultaneous arthroscopic rota-
tor cuff repair (ARCR) were reported, weakness of elbow flexion and forearm supination
strength are also predictable. The purpose of this study is to compare the postoperative outcome
and the muscle strength of elbow flexion and forearm supination after ARCR between cases with
LHBT tenotomy, tenodesis and preserved.
Material: Sixty-one patients who underwent ARCR with a minimum 1 year of follow-up are
included in this study (mean age 64.6± 10.6; 27 women and 34 men). We checked contralateral
shoulders of these patients with MRI or ultrasonography and the patients who had rotator cuff
tear or underwent previous ARCR in the opposite shoulders were excluded. Cases who had
re-rupture of repaired rotator cuff were also excluded. For all supra- and/or infraspinatus tendon
tears we performed ARCR using suture-bridge technique, and if the subscapularis tendon lesions
were included, the tendon repair was also performed by simple suture or suture-bridge ARCR.
When the LHBT lesions such as subluxation or dislocation, partial tear more than half of it or
hourglass deformity were identified during the operation, we performed LHBT tenotomy or
tenodesis procedures. We added tenodesis for cases who were under 65 years old or had high
activities in life even if they were over 65 years old (tenodesis group; 8 cases). For the other
cases with LHBT lesions we performed LHB tenotomy (tenotomy group; 15 patients) and for
the other cases who had no LHBT lesions we preserved LHBT (control group; 39 patients).
The tenodesis procedure was performed in 45 degrees of elbow flexion and forearm neutral posi-
tion, LHBT was pulled proximally with manual max strength and was immobilized using a
tenodesis anchor (PEEK SwiveLock Tenodesis®, Arthrex, Japan) on the bicipital groove at
the suprapectoral position. Tenotomy was performed by resecting the intraarticular lesion of
the LHBT. After these procedure, the rotator cuff repair was performed. The almost same shoul-
der rehabilitation protocols were performed for each group but we prohibited the elbow motion
for three weeks to the patient with the tenotomy and the tenodesis group. We measured the quan-
titative muscle strength of elbow flexion and forearm supination pre- and postoperatively.
Strength index which were defined as ratio of affected side divided by contralateral side were
compared statistically among these groups. For clinical evaluation we used the Japanese Ortho-
paedic Association (JOA) score which was also compared among these groups. We used one-
way ANOVA and Scheffe’s method for the statistically evaluations. A p value of <.05 was
defined as statistically significance.
Results: The average age in each group was 71.6± 4.94 in the tenotomy group, 65.5± 5.78 in
the tenodesis group and 61.9± 11.9 in the control group, respectively. The age of the tenotomy
group was significantly higher than the control group (p ¼ 0.012). The mean muscle strength of
elbow flexion in each group was 165± 34.7 N in the tenodesis group, 113± 34.4 N in the tenot-
omy group and 157± 48.5 N in the control group, respectively. The mean muscle strength of
forearm supination in each group was 47.4± 12.1 N in the tenodesis group, 35.6± 14.1 N in
the tenotomy group and 45.9± 13.4 N in the control group, respectively. The muscle strength
index of elbow flexion in each group was 0.89± 0.17 in the tenodesis group, 0.92± 0.25 in
the tenotomy group, and 1.00± 0.16 in the control group. The muscle strength index of forearm
supination in each group was 0.77± 0.09 in the tenodesis group, 0.80± 0.17 in the tenotomy
group, and 0.90± 0.23 in the control group. There were no significant differences of muscle
strength index of elbow flexion and forearm supination among these groups (elbow flexion; p
¼ 0.264, forearm supination; p ¼ 0.313). JOA score was 92.6± 6.0 points in the tenodesis group,
86.1± 14.8 points in tenotomy group, and 95.4± 6.3 points in the control group. The JOA score
of the tenotomy group was significantly lower than that of control group (p ¼ 0.007). In detail
there was no differences of the pain score among these groups but the function and range of
motion scores of tenotomy group were significantly lower than those of control group (pain; p
¼ 0.304, function; p ¼ 0.021, range of motion; p ¼ 0.003).
Discussion: the tenotomy group was significantly older than the control group because we per-
formed tenotomy for the over 65 years old cases. And the reason may be that rotator cuff tears of
younger patients didn’t have so severe LHBT lesions and consequently they didn’t need the
LHBT procedures. There were no significant differences about the strength index of elbow flex-
ion and forearm supination among these groups. In the tenotomy group, it is possible the stump
of biceps tendon may adhere somewhere and functioned. We made 3 weeks’ prohibition of
elbow flexion after LHB procedure so this situation may occur in our study. We must also con-
sider the other elbow flexion muscle such as short head of biceps tendon, brachialis and
